Here we consider the value of neural population analysis as an approach to understanding how information is represented in the hippocampus and cortical areas and how these areas might interact as a brain system to support memory. We argue that models based on sparse coding of different individual features by single neurons in these areas (e.g., place cells, grid cells) are inadequate to capture the complexity of experience represented within this system. By contrast, population analyses of neurons with denser coding and mixed selectivity reveal new and important insights into the organization of memories. Furthermore, comparisons of the organization of information in interconnected areas suggest a model of hippocampal-cortical interactions that mediates the fundamental features of memory.
Introduction
Large brains benefit from localization of function in which distinct regions extract and process different information to create a representation of experience. Systems neuroscience seeks to explain which neural patterns constitute a memory representation and, further, to understand how neural representations in different brain regions interact to support cognition. Here, we will explore how neural population analysis can support these goals.
Until recently, the field of neurophysiology has tackled the problem of how brain areas represent information by characterizing tuning curves that define the receptive fields for neurons in each region of a system and then model how successive regions employ the information coded in earlier stages. Within the study of the hippocampal system, this strategy has led the discovery of place cells in the hippocampus (O'Keefe & Dostrovsky, 1971) , grid cells in the medial entorhinal cortex (Hafting, Fyhn, Molden, Moser, & Moser, 2005) , and other simple receptive field properties of neurons in neighboring regions (Kropff, Carmichael, Moser, & Moser, 2015; Lever, Burton, Jeewajee, O'Keefe, & Burgess, 2009; Solstad, Boccara, Kropff, Moser, & Moser, 2008; Taube, Muller, & Ranck, 1990; Zhang et al., 2013) . Together, the identification of these putative cell types have been interpreted as evidence of a spatial navigation system (Hartley, Lever, Burgess, & O' Keefe, 2014; McNaughton, Battaglia, Jensen, Moser, & Moser, 2006; Moser, Rowland, & Moser, 2015) . However, we will argue that this approach has, at times, failed to capture the full range of information represented within the hippocampal system and, instead, we suggest that the analysis of neural populations in the hippocampus and associated cortical areas can provide much richer understanding of how this brain system supports memory.
First, we consider some basic theoretical issues central to population coding and the analytical techniques used to address these issues. We then turn to a series of experiments conducted in our lab in which population analysis has revealed new insights into the nature of associative memory representation in connected regions of the hippocampal system. Finally, we will consider how results from these experiments challenge current theoretical views and instead support a new model for how the hippocampus, rhinal cortices, and prefrontal cortex might coordinate to define complex and flexible representational spaces that are useful for both memory and action.
